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(57) ABSTRACT

A brake calliper for a disc brake comprises a yoke carrying
a pair of opposite brake pads and an electric actuating
mechanism connected to the yoke, the actuating mechanism
engaging a displaceable support member for displacing the
brake pads towards and from each other. The actuating
mechanism 1s driveable over a first range of rotations as well
as over a second range of rotations, one of which ranges
being for displacing the pads towards and from each other
for exerting a braking effect on an associated brake disc, and
the other range of which being for wear compensation of the
pads.

17 Claims, 2 Drawing Sheets
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BRAKE CALLIPER WITH WEAR
COMPENSATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention 1s related to a brake calliper for a disc
brake, comprising a yoke carrying a pair of opposite brake
pads and an actuating mechanism connected to said yoke,
sald actuating mechanism engaging a displaceable support
member for displacing the brake pads towards and from
cach other, wherein the actuating mechanism 1s driveable
over a lirst range of rotations as well as over a second range
of rotations, one of which ranges being for displacing the
pads towards and from each other for exerting a braking
cffect on an associated brake disc, and the other range of
which being for wear compensation of the pads.

Such a brake calliper 1s known from GB-A-1 303 133.
2. Description of Related Art

In service, the brake pads gradually wear down which
means that the screw mechanism will have to be rotated over
more revolutions before the desired braking effect is
obtained. From a point of view of proper brake behaviour,
it 1s however desirable to maintain a desired air gap between
the brake pads on the one hand, and the brake disc on the
other hand. As an example, a desired air gap of about 0.2 mm
1s usually preferred.

Due to wear however, the air gap may become much
larger, €.g. 1n the order of about 20 mm, and therefore a
larger stroke will be required to engage the brake disc. Such
magnitude of the air gap 1s less desirable, as it 1impairs the
proper functioning of the brake.

Said prior art actuator comprises a ramp-raceway
mechanism, which allows a predefined maximum axial
travel of the brake pads. Once this maximal travel 1s reached,
a screw-threaded compensator can be activated for dimin-
ishing the play.

SUMMARY OF THE INVENTION

Said ramp-raceway mechanism as well as the compensa-
tor 1s activated by a rotational movement 1n one and the
same direction. The control possibilities of said actuator are
therefore limited: the compensator can only be activated
after a predefined amount of play has been reached. The
object of the invention 1s to provide an actuator of this kind,
which can be controlled in a more flexible way. This object
1s achieved 1n that the first range of rotations has a starting
rotation 1n one rotating direction, and the second range of
rotations has a starting rotation i1n the opposite direction.

According to an important aspect of the invention, the
actuators are controlled independently from each other.

By means of a control device which may control the
compensating and normal braking actions, it 1s possible to
start a compensating action for compensating brake pad
wear, independently from the normal braking actions.

Generally, the wear compensation will only be activated
once the deviation from the i1deal air gap has become too
largce. However, said compensation will not occur 1n an
automatic, unavailable way, but can be controlled as desired,
1.e. alfter a small or large wear increment 1n the air gap. In
summary, the actuating mechanism 1s rotatable over a first
range of rotations for obtaining a braking effect, and over a
second range of rotating for obtaining a compensation etfect.

The electric actuating mechanism only to a limited extent
will be driven over the second range of revolutions, ¢.g. in
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the order of 10,000 cycles. In contrast, the first range of
revolutions, which determines the braking action, will be
used 1 the order of 1.000.000 cycles, 1n the presence of
relatively high loads. By selecting two different ranges for
these different circumstances of actuation, the actuating
mechanism can be adapted better to the requirements of
reliability and cost-effectiveness.

According to a preferred embodiment, the actuating
mechanism comprises two actuators, one actuator being for
displacing the pads towards and from each other for exerting
a braking effect, and the other actuator being for wear
compensation of the pads.

These actuators can be selected on the basis of the
loadings and cycles to be expected. Preferably, they are
driven by a single drive part.

In order to be able to withstand the high number of
braking cycles, the single drive part 1s a rotatable drive part
which engages the displaceable support member by means
of a first actuator comprising a ramp raceway mechanism,
which ramp raceway mechanism provides a linear move-
ment of the displaceable support member over a first range
of rotations, and a compensation movement of the displace-
able support member over the second range of rotations.

A ramp raceway mechanism represents a sturdy and
reliable means, {it for performing relatively small displace-
ments 1n a high cycle duty environment. Relatively large
displacements will not have to be dealt with by this
mechanism, having regard to the compensation movement
of the displaceable support member which compensates for
the wear of the brake pads.

The ramp raceway mechanism may have a locking
position, from which position a linear movement of the
displaceable support member away from the rotatable part is
obtained 1n response to a rotation in a first direction, and
from which position a locking of the displaceable support
member with respect to the rotatable part is obtained in
response to a rotation in the opposite direction.

Furthermore, the displaceable support member may
engage a second actuator comprising a nut, which nut
engages the rotatable part by means of the ramp raceway
mechanism, and a screw which 1s connected to one of the
brake pads and engaging the nut by means of screw threads
which provide for a brake pad wear compensation displace-
ment of the screw upon rotation of the nut from its locking
position with respect to the rotatable part of the motor in
response to said rotation 1n opposite direction.

In this embodiment, the wear compensation displacement
1s obtained by means of the relative rotations between the
nut/screw mechanism. Such mechanism 1s particularly fit for
providing large displacements. On the other hand, it 1s not
necessary for this mechanism to withstand high cycle duties,
as 1t will be activated much less than the brake mechanism
and will not be used for effecting a braking action.

The nut engages the housing, connected to the yoke, by
means of a one-way locking mechanism which locks the nut
against rotations over the first range, and which allows
rotations over the second range; for instance, the nut engages
the housing by means of a ratchet pawl mechanism.

According to a preferred embodiment of the ramp race-
way mechanism, the rotatable part and the displaceable
support member have facing radial surfaces, each compris-
ing three ramps, a roller being clamped between each
opposing pair of said ramps.

Each ramp at its lowest region has a stop for locking the
assoclated roller against further rotations. It 1s also possible
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to connect both parts 1n a different way, €.g. by means of
pegs or ridges.

In order to obtain reliable information concerning the air
gap between air pads and brake disc, it 1s desirable to
establish the point of contact between said components. To
that end, preferably one of the brake pads 1s connected to a
load cell.

Alternatively, the measurement can be carried out opti-
cally.

Once the load cell establishes a loss of contact between
brake pads and brake disc, the count of revolutions of the
actuator 1s started. The differences from said starting point
up to the point of the rest position then provides the desired
information concerning the air gap.

Preferably, the actuating mechanism comprises an electric
moltor,

The invention 1s furthermore related to a method for
operating the brake calliper, comprising the steps of

monitoring the rotary movement of the actuating mecha-
nism 1n the range of rotations for displacing the brake
pads towards respectively from each other for exerting
a braking effect on an associated brake disc respec-
tively releasing said braking effect,

comparing an actual value related to the maximal number
of rotations 1n said range of rotations with a threshold
value,

controlling the actuating mechanism so as to make it to
rotate outside said range of rotation, 1n order to com-
pensate for wear, once the actual value has become
larger than the threshold value.

Finally, the mvention 1s also related to an actuator in
general, comprising a frame carrying two members which
can be brought into and out of mechanical contact with each
other and an actuating mechanism connected to said frame,
said actuating mechanism engaging a displaceable support
member and being driveable over a range of rotating for
displaying the members towards and from each other. Such
actuator may be used in the brake calliper as described
before, but alternatively also 1n a mechanical clutch.

According to the invention, for wear compensation of said
clements, the actuating mechanism 1s also rotatable outside
said range of rotations for displacing the members towards
and from each other. For instance, the wear of the clutch
plates may be compensated for 1n this way.

BRIEF DESCRIPTION OF THE DRAWINGS

Subsequently, the invention will be explained with refer-
ence to an embodiment of the electromechanical brake with
wear compensation as shown 1n the figures.

FIG. 1 shows a side view, partially in cross-section, of the
clectro-mechanical brake according to the invention.

FIG. 2 shows a cross-section according to II—II in FIG.

1.

FIG. 3 shows a detail about the ramp raceway mechanism.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The brake calliper shown 1n FIG. 1 comprises a housing
1 connected to a yoke 2. The housing contains an electric
motor 3, the stator 4 of which 1s connected to the housing 1,
29, and the rotatable part 5 of which 1s supported on support
piece 6. Support piece 6 1s rotatably supported 1n the housing,
by means of bearing 7 as well as four-point contact bearing,
8. This bearing 8 may have asymmetric working lines.
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Support piece 6 1s part of a first mechanical actuator 32,
which engages a displaceable support member 10 which
carries one of the brake pads 11. The other brake pad 12 1s
connected to the yoke with possible interposition of load cell

13.

The displaceable support member 10 furthermore engages
a second mechanical actuator 33, which comprises a nut 14
which by means of screw thread co-operates with screw 15.
Screw 15 has a head 16 at its side which emerges from the
screw 15, onto which head the brake pad 11 1s supported. By
means of a flexible bellows 17, the space containing the
actuator and the electric motor 3 1s sealed with respect to the
outside.

For effecting a braking movement of the brake pads 11,
12, 1.e. a movement towards each other, the first actuator 32
comprises a ramp raceway mechanism. To that end, rotatable
support piece 6 has a ring 18 which has a first set of three
ramps 19. Furthermore, displaceable support member 10 has
a ring 20 which also has a set of three ramps 21. Between
the ramps 19, 21, rollers 22 are held under pretension by
means of spring 23 which on the one hand bears against ring
18, and on the other hand against pulling member 24
connected to displaceable support member 10.

Upon rotation of the rotatable part § of electric motor 3
over a lirst range of rotations, 1.€. 1n the figures shown
according to a right hand turn, the distance between ring 18
of rotatable support piece 6 and ring 20 of displaceable
support member 10 1s increased due to the rolling movement
of the rollers 22 over the ramp raceways 19, 21. In FIG. 1,
displaceable support member 10 1s thereby translated to the
left, pressing the brake pads 11, and 12 towards one another
for obtaining a braking effect w1th respect to a brake disc
(not shown) accommodated between them.

Generally, 1n an 1deal situation, the distance over which
the brake pads 11, 12 have to be moved towards one another,
1s small, e.g. in the order of 0.2 mm. However, as soon as
wear of the brake pads takes place, gradually this distance
becomes larger leading to less favourable braking behaviour
due to for instance longer response times. Moreover, the
ramp raceway mechanism in question can only accommo-
date translations up to a relatively small maximum distance,
which means that after somewhere has taken place, com-
pensation must take place.

In the brake calhper as shown 1n the figures, brake pad
wear compensation 1s effected by means of the second
mechanical actuator 33, comprising a screw 15 and nut 14.
This nut forms an integral piece with displaceable support
member 10. As shown 1n FIG. 3, the ramp raceways 19 and
21 each terminate 1n a locking part 25 respectively 26. In a
rest position of the brake calliper, the rings 18, 20 have
reached such a position that the rollers 22 are clamped
between the locking parts 25, 26. Upon further rotation of
the rotatable support piece 6 by the electric motor 3 1n left
hand direction, ring 18 and thereby nut 14 1s also rotated 1n
left hand direction. Thus, nut 14 exerts a translational effect
to the left on screw 15, whereby brake pad 11 1s moved
towards brake pad 12 for compensating the wear which has
occurred. After wear compensation, the first actuator 32 1s in
the desired position for effecting a braking action, now
starting from a desired, relatively small air gap.

In order to ensure that nut 14 only rotates i1n left hand
direction, as seen 1n FIGS. 1 and 3, 1t has a ratchet teeth 26

at 1ts circumierence, which co-operate with correspondingly
shaped pawls 27. Pawls 27 are held under pretension against
the ratchet teeth 26 by means of flexible elements 28, which
are held clamped within the ring part 29 of the housing 1.
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The pretension 1n combination with the geometry of the
pawl-ratchet mechanism determines the torque required for
activation of the second actuator.

As a further possibility, the brake calliper comprises a
sensor 30 having pulse rings which register the amount of
rotation of the rotatable support piece 6. On the basis of
imnformation obtained from this sensor 30, the electric motor
3 can be controlled 1n such a way that the desired braking
action 1s obtained. This sensor may serve basic functions
such as giving information wear compensation, maintenance
indication, brake force feedback (ABS), traction control and
for vehicle dynamic functions.

Rollers 22 are accommodated 1 a cage 31, so as to keep
them 1n their proper position with respect to each other and
with respect to the ramp raceways 19, 21.

It 1s observed that the second actuator could also be
operated manually.

What 1s claimed 1s:

1. A brake calliper for a disc brake, comprising:

a yoke;

a pair of opposing brake pads supported by said yoke;
an actuating mechanism;

a displaceable support member;

wherein the actuating mechanism 1s rotated through a first
range of rotations, the first range of rotations having a
starting rotation 1n one direction to displace each of
said pair of opposing brake pads towards and away
from each other to exert a braking effect on said disc;
and

wherein the actuating mechanism i1s rotated through a
second range of rotations having a starting rotation 1n
a direction opposite to said first range of rotations, to
move each of said pair of opposing brake pads toward
cach other, incremently, to compensate for reduced
brake pad thickness due to wear.

2. A brake calliper according to claim 1, whereimn the
actuating mechanism comprises two actuators, a first actua-
tor to displace each of said pair of opposing brake pads
towards and away from each other to exert a braking effect,
and a second actuator to move each of said pair of opposing
brake pads toward each other, incrementally, to compensate
for reduced brake pad thickness due to wear.

3. A brake calliper according to claim 2, wherein the first
and second actuators have a common drive part, the first
actuator 1s activatable by rotation of said drive part in one
direction, and the second actuator 1s activatable by rotation
of said drive part 1n the opposite direction.

4. A brake calliper according to claim 2, wherein the first
actuator and the second actuator are controlled indepen-
dently from each other.

5. A brake calliper according to claim 1, further compris-
Ing:

a ramp raceway mechanism; and

wherein the actuating mechanism comprises a rotatable
drive part which engages the displaceable support
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member by means of the ramp raceway mechanism to
provide a linear movement of the displaceable support
member due to a first rotation, and a compensation
movement of the displaceable support member due to
a second rotation.

6. Abrake calliper according to claim §, wherein the ramp
raceway mechanism has a locking position, from which
position a linear movement of the displaceable support
member away from the rotatable part 1s obtained 1n response
to a rotation 1n a first direction, and from which position a
locking of the displaceable support member with respect to
the rotatable part 1s obtained in response to a rotation in the
opposite direction.

7. A brake calliper according to claim 6, wherein the
displaceable support member engages the second actuator
comprising a nut which engages the rotatable part by means
of the ramp raceway mechanism, and a screw which 1is
connected to one of the brake pads and engaging the nut by
means of screw threads which provide for a brake pad wear
compensation displacement of the screw upon rotation of the
nut from its locking position with respect to the rotatable
part 1n response to said rotation in opposite direction.

8. A brake calliper according to claam 7, wherein the nut
engages a housing, connected to the yoke, by means of a
one-way locking mechanism which locks the nut against
rotations for obtaining a braking effect, and which allows
rotations for obtaining a compensation eifect.

9. A brake calliper according to claim 8, wherein the nut
engages the housing by means of a ratchet pawl mechanism.

10. A brake actuator calliper according to claim 3§,
wherein the rotatable part and the displaceable support
member have facing radial surfaces, each comprising three
ramps, a roller bemng clamped between each opposing pair of
sald ramps.

11. A brake calliper according to claim 10, wherein each
ramp at 1ts lowest region has a stop for locking the associ-
ated roller against further rotations.

12. A brake calliper according to claim 10, wherein a
spring 1s provided for preloading the ramps and the rollers.

13. A brake calliper according to claim 5, wherein the
rotatable part 1s supported with respect to the housing by at
least one angular contact bearing.

14. A brake calliper according to claim 1, wherein one of
brake pads 1s connected to a load cell.

15. A brake calliper according to claim 5, wherein the
rotatable part 1s a component of, or 1s driveably connected
to, an electric motor, the electric motor having a stator which
1s connected to the yoke.

16. Abrake calliper according to claim 1, wherein a sensor

1s provided for sensing the rotary movement of the actuating
mechanism.

17. A brake calliper according to claim 16, comprising a

control unit for controlling an electric actuating mechanism
on the basis of signals from the sensor and a brake signal.
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